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Sensitivity distribution of Venturia inaequalis to 
fenarimol in Québec apple orchards 
Odile Carisse12 and Jean R. Pelletier1 
Received 1993-04-23; acceptée! 1994-02-04 
This study was initiated to quantify the baseline sensitivity of apple scab 
( Venturia inaequalis) to fenarimol, an ergosterol synthesis-inhibiting fungicide. 
In 1988, 576 monoconidial isolâtes of Venturia inaequalis were collected f rom 
26 commercial orchards throughout Québec. Sensitivity to fenarimol was 
assessed by radial growth inhibition assay. The ED50 values for the 26 orchards 
ranged f rom 0.024 to 5.212 (ig m l 1 wi th a mean ED50 of 0.156 jug m l 1 . Reduced 
sensitivity, expressed as ED50, was found in three orchards for an overall 
frequency of 4.51% of isolâtes. Sensitive isolâtes had a mean ED50 of 0.079 \xg 
m l 1 , whereas isolâtes with reduced sensitivity had a mean ED50 of 1.714 j ig 
m l 1 , yielding a résistance factor of about 22. Four populations were identified 
based on the frequency distribution of ED50 values. 
Carisse, O. et J.R. Pelletier. 1994. Répartition de la tolérance du Venturia 
inaequalis au fenarimol dans les vergers du Québec. PHYTOPROTECTION 75: 
35-43. 
Cette étude a été faite dans le but d'établir le seuil de sensibilité du Venturia 
inaequalis au fenarimol, un inhibiteur de la biosynthèse de l'ergostérol. Au 
cours de la saison 1988, des isolats du V. inaequalis ont été prélevés dans 26 
vergers commerciaux du Québec pour un total de 576 isolats monoconidiens. 
La sensibilité au fenarimol a été établie par des tests d'inhibition de la crois-
sance radiale du mycél ium. Les valeurs de ED50 obtenues pour les 26 vergers 
ont varié de 0,024 à 5,212 j ig m L 1 pour une moyenne de 0,156 j ig m l 1 . Une 
réduction de sensibilité, exprimée en valeur de ED50, a été observée dans trois 
vergers, soit pour 4,51% des isolats testés. Les isolats sensibles avaient un ED50 
moyen de 0,079 u.g mL 1 , et les isolats de sensibilité réduite démontraient un 
ED50 de 1,714 (xg mL 1 , ce qui représente un facteur de résistance de 22. Quatre 
populations ont été identifiées en fonction de la distribution de fréquence des 
valeurs de EDC„. 
INTRODUCTION 
Fenarimol (2,4'-dichlorophenyl-alpha-
pyrimidin-5-ylbenzhydryl alcohol) 
belongs to the sterol demethylation 
inhibiting (DMI) class of fungicides. Thèse 
fungicides are used to control several 
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plant diseases including apple scab, 
caused by Venturiainaequalis(Cke.)Wmt. 
(Szkolnik 1981). The DMI fungicides give 
the opportunity to control apple scab 
more effectively in response to actual 
infection periods. They can inhibit both 
primary and secondary infections at a 
later stage and with lower rates than 
conventional protective fungicides. They 
are generally more effective under high 
inoculum pressure (Biggs and Warner 
1987), and are interesting because of their 
prolonged postinfection activity (Szkol-
nik1981). DMI fungicides are especially 
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suited for use in integrated pest manage-
ment programs (O'Leary et al. 1987). 
Despite thèse advantages, there are 
concerns aboutthe possible development 
of résistance to thèse products. Although 
the DMI fungicides are considered to be 
at low risk for résistance, naturally occur-
ring strains of V. inaequaliswWh reduced 
sensitivities hâve been reported (Stanis 
and Jones 1985; Thind et al. 1986). 
Résistance of V. inaequalis strains to 
bitertanol (R-([1,1'-biphenyl]-4yloxy)-a-
(1,1-demethylethyl)-1H-1,2,4-triazole-1-
ethanol) and other DMI fungicides, and a 
réduction in disease control 6 yr after the 
introduction of DMI fungicides, has been 
observed in Nova Scotia, Canada (Hilde-
brand et al. 1988). In Israël, no strains 
with reduced sensitivity to DMI were 
detected in apple orchards, although DMI 
fungicides hâve been used for almost 10 
yr and control failures hâve been observed 
(Shabi étal. 1990). In the fewcases where 
reduced sensitivity has been observed, it 
proceeded slowly and was difficult to 
detect or forecast (Scheinpflug 1988). 
Thus, it is important to monitor the 
résistance to DMI and to détermine the 
baseline sensitivity before their routine 
use. The baseline sensitivity should be 
determined based on a large number of 
isolâtes from a wide range of régions 
and orchards since the response of the 
différent populations of V. inaequalis to 
DMI is variable (Braun and McRae 1992; 
Kôller et al. 1991a; Smith et al. 1991). 
Although the DMI fungicides belong to 
différent chemical families, they ail share 
a common mode of action on V. inaequa-
lis and may lead to cross-resistance in 
populations of V. inaequalis (Kôller 1988). 
Monitoring of résistance for one DMI 
fungicide may provide relevant informa-
tion for the others. It also was suggested 
that fenarimol be used for routine résist-
ance monitoring (Stanis and Jones 1985). 
DMI fungicides were registered for use 
on apple in Québec in 1992. The présent 
évaluation of résistance to a DMI fungi-
cide will indicate the natural range of 
sensitivity and will improve monitoring 
for potential development of résistance. 
The aim of this study was to measure 
the baseline sensitivity to fenarimol and 
describe the sensitivity distribution of 
many isolâtes of V. inaequalis from ail 
major apple production régions in Québec 
before the intensive use of DMI fungi-
cides. 
MATERIALS AND METHODS 
Propagation of Venturia inaequalis 
Naturally infected apple leaves with 
distinct sporulating lésions were collected 
in late summer and fall of 1988 from 26 
commercial orchards. The lésions were 
sprayed with distilled water, placed on a 
wet filter paper and enclosed in a plastic 
bag at 15°C for one night to favour sporu-
lation. Each leaf wasthen streaked across 
a water agar plate (4% agar) containing 
50 jag ml_1 of tetracycline and incubated 
for 24 h at 15°C. Single germinated 
conidia were then removed from the 
agar under a dissecting microscope and 
transferred to a Pétri dish containing malt 
agar and 50 jj.g ml_1 of tetracycline. A 
total of 576 isolâtes from the 26 orchards 
were obtained and used for the sensitiv-
ity tests. Isolâtes were stored at 1-2°C 
under minerai oil in culture tubes. Before 
the sensitivity tests, the isolâtes were in-
oculated on pétri dishes containing malt 
agar and incubated for 3-4 wk at 20°C. 
The sensitivity tests were carried out 
within a maximum of 2 mo after the iso-
lation of V. inaequalis so that effect of 
cold storage on isolate vigor or sensitiv-
ity was reduced to the minimum (Kôller 
et al. 1991b). 
Sampling sites 
The 26 orchards were located in ail apple 
production areas of Québec. None of 
the orchards had been treated with DMI 
fungicides prior to the sensitivity tests. 
However, ail orchards had been treated 
with either protectant or systemic fungi-
cides according to a 7-10 d interval sched-
ule for several years. Figure 1 illustrâtes 
the geographical location of the 26 
orchards. 
Sensitivity tests 
Fenarimol (technical grade, lot 104ND8) 
was obtained from Eli Lilly Canada (Elan-
co Products Company, Indianapolis, IN, 
USA). 
The sensitivity of the monoconidial 
isolâtes to fenarimol was determined as 
follows: three to four différent monoco-
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nidiaf isolâtes were tested per 9-cm-diam 
plate for the 576 monoconidial isolâtes 
and the assay was repeated three t imes. 
Agar plugs (0.15 cm diam) were eut f rom 
each monoconidial isolateandtransferred 
to plates containing 20 mL of PDA (potato 
dextrose agar) wi th either no fenarimol 
or w i th fenarimol at concentrations of 
0.2, 0.6, 1.0, 2.2, 2.6, 3.0, 3.4, 3.8, 4.2, 4.6, 
or 5.0 | ig m L 1 for a first séries of tests, 
and wi th fenarimol at concentrations of 
0.005, 0.015, 0.025, 0.035, 0.045, 0.060, 
0.080, or 0.100 | ig m L 1 for a second and 
third séries of tests. The fenarimol was 
dissolved in ethanol before mix ing wi th 
PDA previously cooled to 60°C. Ethanol 
was added in the controls unamended 
wi th fenar imol . The inoculated plates 
were incubated at 20°C for 4-6 wk. 
The diameter of the agar plug was 
substracted f rom the diameter of the 
colony to obtain the colony diameter 
increase. The mean diameter of the col-
ony was expressed as the proport ion of 
the mean diameter for the untreated 
control (mean diameter on fenar imol-
amended med ium/mean diameter on 
unamended méd ium) . The sensit iv i ty 
was expressed in u.g m L 1 of fenarimol 
causing 50% inhibit ion (ED50) calculated 
us ing prob i t analysis (Finney 1971). 
The mean diameter of the colonies on 
fenarimol-amended médium for ail iso-
lâtes were compared w i th the mean 
diameter of the control. A value equal or 
greaterthan the control wou ld hâve indi-
cated a possible decay in active ingré-
dient added to the agar. This vérif ication 
4 2 15 
United States border 
0 20 40 Km 
Figure 1. Location of the 26 orchards from which the isolâtes of Venturia inaequalîs were 
collected. Orchard 1 was located in Havelock, 2 and 4 in Franklin, 3 in Rockburn, 5 in Hemming-
ford, 6 in Saint-Grégoire, 7 and 8 in Rougemont, 9 in Saint-Paul, 10 in Saint-Hilaire, 11 and 12 
in Saint-Joseph, 13 in Pointe-Calumet, 14 in Oka, 15 in Sainte-Anne-de-Bellevue, 16 in Saint-
Armand, 17 to 20 in Frelighsburg, 21 in Saint-Alexandre, 22 in Saint-Roch-des-Aulnaies, 23 in 
Saint-Ignace, 24 in Deschambault, 25 on île d'Orléans, and 26 in Saint-Joachim. 
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was required because, to evaluate sensi-
tivity of V. inaequalis based on mycelial 
growth, it is necessary to incubate the 
agar plates containing the fungicide for 
several weeks before the diameter of the 
colony can be accurately measured. The 
fungicide tested is not necessarily stable 
over this incubation period, which may 
affect the results. 
Data analysis 
Frequency distributions of log-transformed 
EDcn values determined for individual 
DU 
orchard populations were analyzed us-
ing the univariate procédure (SAS Insti-
tute 1988). Normality was tested using 
the Shapiro-Wilk test when sample size 
was 50 or less; otherwise the Kolmogorov 
D test was used. The means of the log-
transformed ED50 values of each orchard 
were compared with the Waller-Duncan 
K-ratio T test to locate différences among 
EDcn values calculated for the 26 orchards, 
OU 
and to détermine whether orchard 
populations could be grouped according 
to their level of sensitivity to fenarimol. 
The homogeneity of variance among ED50 
values for the différent orchards was 
tested using the Bartlett test (Neter and 
Wasserman 1974). 
RESULTS 
The sensitivity of V. inaequalis to fungi-
cide fenarimol was quantified based on 
radial growth inhibition assay. Growth 
rates on unamended and fenarimol-
amended média were constant, indicat-
ing that nutritional depletion was not a 
significant factor. 
The mean population sensitivity to 
fenarimol expressed as ED50 for the 576 
isolâtes was 0.156 |j.g mL1 with a résist-
ance factor (highest ED50/lowest ED50) of 
22 within the population. However, based 
on the mean of the most fréquent ED50 
values obtained, the baseline sensitivity 
of V. inaequalis in Québec to fenarimol is 
0.14 jug mL1 (Fig. 2). 
Différences in sensitivity to fenarimol 
were observed among isolâtes from the 
26 orchards and among isolâtes within 
the same orchard. The combined mean 
ED50 values in the 26 orchards ranged 
from 0.072 to 0.328 u.g mL1 (Table 1). 
Reduced sensitivity, expressed as ED50, 
was found in isolâtes from orchards 1, 4, 
and 9, with a mean EDKn of 0.328, 0.243, 
bU 
and0.215|dgmL1,respectively.The mean 
ED values in 13 orchards (6, 7, 8, 11, 14, 
bu 
LU 
< 
> 
o 
10 
Q 
LU 
LL O 
>-O 
o 
LU 
0C 
LL 
LU 
> 
LU 
0C 
0.019 0.050 0.095 0.150 0.226 0.364 0.765 
FENARIMOL CONCENTRATION (j<g mL-1) 
5.212 
Figure 2. Frequency distribution of ED50 values to fenarimol of Venturia inaequalis sampled 
from 26 apple orchards in Québec. 
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Table 1. Sensitivity distribution and baseiine sensitivity of Venturia inaequalisXo fenarimol 
Orchard 
number3 
ED 5>g mL-V 
Range Mean c 
0.071-5.212 0.328 
0.093-0.297 0.149 
0.010-0.249 0.159 
0.080-1.341 0.243 
0.136-0.246 0.177 
0.049-0.180 0.091 
0.033-0.242 0.072 
0.089-0.115 0.103 
0.091-1.330 0.215 
0.061-0.591 0.157 
0.088-0.209 0.120 
0.089-0.173 0.136 
0.091-0.209 0.149 
0.036-0.234 0.091 
0.070-0.328 0.138 
0.109-0.234 0.167 
0.036-0.486 0.156 
0.087-0.249 0.159 
0.051-0.239 0.122 
0.029-0.303 0.106 
0.055-0.264 0.101 
0.037-0.282 0.118 
0.024-0.209 0.111 
0.068-0.275 0.109 
0.039-0.252 0.103 
0.024-0.321 0.108 
0.024-5.212 0.156 
Number of 
isolâtes 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Ail 
112 
4 
7 
47 
7 
5 
23 
3 
19 
30 
15 
8 
11 
17 
27 
5 
25 
13 
20 
25 
16 
18 
13 
13 
25 
68 
576 
a
 The location of the orchards is given in Figure 1. 
b
 ED values were calculated based on mycelial growth inhibition tests. 
Mean EDC„ for ail isolâtes from the same orchard. 50 
19-26) were less than 0.122 (ig m l 1 , 
indicating that thèse isolâtes were sensi-
tive to fenarimol. The isolâtes f rom the 
remaining 10 orchards had an intermedi-
ate sensit ivity w i th mean ED50 values 
between 0.136 and 0.177 j ig m l 1 . 
Frequency d is t r ibu t ion of the ED50 
values (Fig. 3) was log normal for the 
combined orchard populations accord-
ing to the Kolmogorov D test (P< 0.01), 
and individually for orchards 1, 4 ,7 ,9 ,23, 
and 24 according to the Shapiro-Wilk test 
and the Kolmogorov D test, depending 
on the sample size (P < 0.05). When 
the means of the log-transformed ED50 
values for each orchard were compared, 
significant différences (P < 0.01), were 
found between orchards wi th isolâtes of 
reduced sensit ivi ty (ED50 > 0.215) and 
orchards wi th isolâtes of high sensitivity 
only. However, s igni f icant ly di f férent 
groups of orchard populat ions could 
not be detected at the 0 . 1 % level. The 
variance among ED50 values for the 26 
orchards was not homogeneous when 
analyzed at the 1 % level. Consequently, 
univariate analysis and homogeneity of 
variance test were used to détermine 
wh ich populat ions could be grouped 
together. There was homogene i ty of 
variance among ED50 values for four 
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populations (A, B, C, and D) when ana-
lyzed at the 1% confidence level. ED 
values and the résistance factor for eacn 
population are given in Table 2. The most 
tolérant isolâtes were found in orchards 
1, 4, and 9, and population D showed the 
highest level of tolérance (Fig. 3). The 
order of sensitivity for the four popula-
tions was, in increasing order: popula-
tion C, B, A, and D (Table 2). 
DISCUSSION 
The population of V. inaequalis studied 
hère was slightly more sensitive to fena-
rimol than what is reported in the litera-
tureforwild-type populations (Braun and 
McRae 1992; Kôller et al. 1991a; Stanis 
and Jones 1985), but notfor populations 
originating from orchards for which 
reduced disease control was observed 
(Hildebrand et al. 1988). The mean ED50 
obtained for the 576 isolâtes tested was 
0.156 u.g mL1, but the sensitivity varied 
strongly among the différent isolâtes and 
orchards. The baseline sensitivity of 0.14 
(ig mL1, derived from this study, is in 
accordance with those reported by Smith 
et al. (1991) for the United States, and 
similar values were obtained by Fiacca-
dori et al. (1987) and Thind et al. (1986) 
for the Netherlands and France, respec-
tively. Only 4.51 and 0.6% of the isolâtes 
had an ED50 greater or equal to the 
discriminatory concentration proposed 
by Stanis and Jones (1985) of 1.0 and 1.5 
(ig mL1, respectively. Only one isolate 
had an ED50 greater than 3.0 fig mL"1 con-
centration at which only résistant isolâtes 
can grow (Kôller et al. 1991a; Stanis and 
Jones 1985). Ail the isolâtes with reduced 
sensitivity were found in orchards 1, 4, 
and 9 located in southern Québec, 
respectively in Havelock, Franklin and 
Saint-Paul. Thèse three orchards did not 
seem to hâve any common feature that 
could explain their high level of tolérance 
to fenarimol, except orchards 1 and 4 that 
are located in the southwerstern part of 
Québec near the United States border, 
where DMI fungicides were in use to 
manage apple scab. It is thus possible 
that populations of V. inaequalisthat hâve 
been exposed to DMI fungicides were 
mixed with wild-type populations in 
this région. 
It was not possible to construct one 
single frequency distribution of ED50 for 
ail the orchard populations that repre-
sented ail types of distribution. However, 
the différent frequency distributions could 
be grouped in four distributions repre-
senting ail orchard populations studied. 
The fungicide evaluated in this study is 
not currently in commercial use on apple 
in Québec, unlike myclobutanil (oc-butyl-
a-(4-chlorophenyl)-1H-1,2,4-triazole-1-
propanenitrile) which has been recently 
registered and used by growers for the 
firsttimein 1992. The occurrence of cross-
Table 2. Sensitivity distribution of four populations of Venturia inaequalis to fenarimol 
Orchard 
numbera 
ED50b (|ig mL1) 
Résistance 
factor0 99
4 Population Range Mean 
(1
)1
 
A 3, 5, 11, 12, 0.088-0.249 0.144 2< 
LO 13, 16 
Z B 8, 14, 15, 0.024-0.328 0.112 14 
EC
TI
O
 
18-21, 24-26 
EC
TI
O
 
C 2, 4, 7, 10, 0.024-1.341 0.148 23 
5P
R
O
TI
 
17, 22, 23 
5P
R
O
TI
 
D 1, 9 0.071-5.212 0.309 73 
a
 The location of the orchards is given in Figure 1. 
b
 ED50 values were calculated based on mycelial growth inhibition tests. 
c
 The résistance factor was calculated as highest ED50/lowest ED50. 
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Figure 3. Frequency distribution of ED50 values to fenarimol of Venturia inaequalis for four populations. The distribution was 
based on homogeneity of variance of ED50 values. The orchard number in each population is given in Table 2 and the location 
of the orchards in Figure 1. 
résistance has been demonstrated for 
thèse t w o fungic ides and other DMI 
fungicides (Thind et al. 1986). Shabi et al. 
(1990) observed that the isolâtes collected 
f rom orchards in Israël w i th reduced 
sensitivity to fenar imol also exhibited 
reduced sensitivity to pyrifenox (2', 41-
d ich lo ro -2 - (3 -py rydy l ) ace tophenone 
O-methyloxime), bitertanol, flusilazol (1-
[[bis(4-f luorophenyl)methylsi lyl ]methyl]-
1H-1, 2, 4-triazole) and myclobutani l . It is 
likely that the less sensitive isolâtes to 
fenarimol obtained f rom Québec orchards 
also hâve reduced sensitivity to other DMI 
fungicides, including myclobutani l . 
From this study, we cannot conclude 
that V. inaequalis strains f rom Québec 
orchards are less sensitive to fenarimol 
than other populations, even though iso-
lâtes wi th reduced sensitivity were found . 
However, because reduced sensitivity is 
control led by a single gène (Stanis and 
Jones 1985) there is a strong potential for 
development of résistance fo l lowing in-
tensive use of DMI fungicides. 
The détection of less sensitive isolâtes 
of V. inaequalis is a warning that poten-
tial problems might arise in practice fol-
lowing intensive use of DMI fungicides. 
Because myclobutanil , the only registered 
DMI fungicide for use on apple in Québec, 
is mostly used in a préventive manner, 
using more or less the same schedule as 
for protectants, it is essential to develop 
and implement a strategy to avoid the 
sélection of résistant strains in the V. 
inaequalis populat ion. Such a strategy 
may include practices such as reserving 
the DMI fungicides for the greatest scab 
danger, especially dur ing the periods of 
high ascospore discharges and heavy 
apple tree growth. An alternative strategy 
might be to delay the first treatment until 
5% of the ascospores are discharged 
(Gadoury and MacHardy 1986) and to 
combine DMI fungicides with conventional 
protectant fungicides to improve their 
protective action and spectrum of activ-
ity. The number of treatments wi th DMI 
fungicides can be reduced i f they are used 
in conjunction wi th a prédictive System 
(Ellis et al. 1984). Such stratégies should 
be adopted in order to reduce the sélec-
t ion pressure for less sensitive strains of 
V. inaequalis and to prolong the effective 
life of DMI fungicides for as long as pos-
sible in the arsenal of scab-management 
compounds. 
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